Background and objectives: Long term evaluation of bariatric surgery must include quality of life measurement. Methods: Quality of life (QoL) was evaluated using the original Moorehead-Ardelt questionnaire for 200 patients operated for massive obesity in a single centre between 1994 and 2003. QoL and physical data were obtained by retrospective mail questionnaire. Surgical procedures were vertical-banded gastroplasty according to Mason (VBGM) and adjustable gastric banding (AGB) in 61 and 39% of patients, respectively. The aim of the study was to assess the nutritional outcome and QoL according to the procedure. Results: Overall, the body mass index (BMI) decreased from 5078 kg/m 2 before surgery to 35.277.5 kg/m 2 at the time of the questionnaire. The percentage of weight loss was 28.8712.2%. In the group treated with VBGM, the mean initial weight (P ¼ 0.003) and the percentage of weight loss (Po0.001) were significantly higher, and the QoL was better (P ¼ 0.003) than in the group treated with AGB. On the basis of the time spent since surgery, a regular weight loss was observed during the first 5 years, whereas weight subsequently increased over the five following years. Similarly, the total QoL score gradually improved during the first 5 years and worsened thereafter. However, it remained better than before surgery. A linear regression analysis showed a positive correlation between the percentage of weight loss and the QoL score (Po0.001).
Introduction
The prevalence of obesity has sharply increased in France in recent years, as well as in all developed countries. A French epidemiological study called ObEpi 2006 including 23 747 people (Basdevant and Charles, 2006) showed that prevalence of obesity rose from 11. Obesity is well known to be associated with comorbidities such as hypertension, diabetes, dyslipidemia, arteriosclerosis, sleep apnea syndrome and an increased incidence of different types of cancers (Pi-Sunyer, 1993; Kopelman, 2000) . It also has a psychological impact on patients and deteriorates their quality of life (QoL) because of these complications and the negative perception of obesity in a society where thinness is idealized (Delin and Watts, 1995; Flanagan, 1996; Marcus, 2004) . The randomized and prospective SOS registry study showed that the obese subjects had much lower health-related QoL scores than did the age-matched reference population (Sjöström, 2003) . QoL is impaired mostly in obese patients who are trying to lose weight (Fontaine et al., 2000) and particularly in those seeking treatments of greatest intensity (Kolotkin et al., 2002) . Reduced sexual QoL is a frequent consequence of obesity, especially when BMI is very high (Kolotkin et al., 2006) . QoL could be defined as the 'degree of happiness and satisfaction regarding the physical, mental, emotional, social and spiritual aspects of individual life' (Butler et al., 1999) .
Extreme obesity (BMI440 kg/m 2 ) requires a multidisciplinary approach where surgery plays an increasing role. The various types of bariatric surgery involve different constraints (that is food restrictions and digestive side effects) and consequences for patients. The evaluation of these surgical treatments results should be based both on objective data, such as weight loss or comorbidity improvement, and on subjective data such as QoL (Butler et al., 1999; Ballantyne, 2003) . Thus, the aim of this study was to evaluate the changes of QoL after a slimming induced by bariatric surgery in a large patients population.
Materials and methods
The data of this retrospective study were collected via two questionnaires addressed by mail to patients operated by two surgeons (P Ténière and M Scotté) for massive obesity at Rouen University Hospital between 1994 and 2003. The obese patients benefited from a systematic dietary consultation in preoperative time, where the dietary guidelines were taught to them after bariatric surgery. Post-operative dietary advice was delivered to patients on a voluntary basis. The others had no dietary follow up. The patients received an informative letter regarding our project and a pre-stamped envelope with the address of the department, to increase the percentage of replies. A total of 468 identified patients were contacted. Thirty-three letters were returned due to changes of address. From the remaining 435 patients, we received 208 answers (47.8%). Five incomplete answers could not be included in the statistical analysis. Three patients underwent gastric bypass and were excluded; the data presented in this paper thus concern a population of 200 operated obese patients and allow the study of the nutritional outcome and QoL after vertical-banded gastroplasty according to Mason (VBGM) and adjustable gastric banding (AGB) over time. The type of surgical procedure was not randomized and reflected the individual decision of the surgeon according to a given patient and to available resources.
QoL questionnaire
Because obesity is a chronic pathological condition, patients are inclined to undergo psychological adjustment. Therefore, an adapted questionnaire was required to take into account their subjective feeling. For this reason, we chose to use the original Moorehead-Ardelt questionnaire (Ardelt and Moorehead, 1998) , which belongs to the Bariatric analysis and reporting outcome system (BAROS) scoring table (Oria and Moorehead, 1998) . This latter was created, in response to the report of 1991 NIH consensus conference which identified a gap in the standard instruments evaluating the different treatments for obesity, and the need to evaluate the role of surgery in the treatment of extreme obesity according to the results not only in terms of weight loss and comorbidities improvement, but also in term of QoL. The Moorehead-Ardelt questionnaire was established based on a study of a European obese population. It was considered validated, reproducible and reliable (Ardelt and Moorehead, 1999; Moorehead et al., 2003) . It has been used in the United States as well as in European countries where it was adopted as a reference. The French version was validated in 2002 (Nini et al., 2002) . This questionnaire evaluates five items: self-esteem, physical activity, social life, work conditions and sexual activity. Five answers are proposed for each item. A score is attributed for each answer: À1 to þ 1 for self-esteem and À0.5 to þ 0.5 for physical activity, social life, work and sexual life. A maximum of 3 can be obtained for the total QoL score. The questionnaire presentation with pictures makes its use easy and accessible to all patients. It can be completed in less than 1 min and does not require a preliminary appointment with a physician. It is a reliable way to evaluate obesity surgery (Wolf et al., 2000) . The final score BAROS also takes into consideration weight loss and comorbidities improvement. By including objective and subjective items, BAROS permits a global evaluation of bariatric surgery results. Points are subtracted from the final score in case of complications or re-interventions. In our study, we chose to evaluate only the QoL, and not to calculate the totality of BAROS score.
Weight and side effects questionnaire. The other questionnaire sent to the patients contained questions about their weight before surgery and their weight at the time of the questionnaire. The patients were also asked about having or not digestive disorders such as nausea or vomiting at the time of questionnaire.
Analytical procedures
Sub-groups of patients were a priori defined to characterize very short (3 months to 1 year), short (1-2 years), medium (2- (Table 1) . Obese patients with AGB were operated younger (P ¼ 0.046) and were thinner (Po0.001) than those treated with VBGM (Table 2) . Nevertheless, the post-operative BMI was equivalent for these two techniques at the time of the questionnaire. This suggests that VBGM appears to give better results in terms of percentage of weight loss (Po0.001) than AGB ( Table 2) .
Global QoL results
QoL total score (Table 3) was significantly better in patients with VBGM than in those with AGB (P ¼ 0.003). This mainly reflected the improvement of two specific items: self-esteem score (Po0.001) and social life score (P ¼ 0.048). In contrast, physical activity score and sexual activity score were better in patients with AGB than in those with VBGM (P ¼ 0.02 and 0.04). There was no significant difference between the two groups as regards the work score.
Weight loss results in the four sub-groups
The patients were divided in four sub-groups according to the time spent since surgery (Table 4) . We observed that weight and BMI were similar in the four sub-groups at the time of surgery (Figures 1a and 2a) . In contrast, weight and BMI were significantly different (Po0.001) at the time of the questionnaire (Figures 1b and 2b ). There was a regular loss of weight during the first 5 years following surgery, whereas there was a tendency to gain weight during the five following years ( Figure 1b ). The weights measured at 5 and Weight loss and QoL after bariatric surgery V Folope et al 10 years of follow-up were not different from those observed 1 year after surgery. Therefore, the maximal drop of BMI was obtained 5 years post-operatively (Figure 2b ).
QoL results in the four sub-groups Qol total score, self-esteem score and physical activity score were significantly different over time (P ¼ 0.009, o0.001 and 0.04, respectively) in the four sub-groups (Figures 3 and 4a and b) with the results significantly worsening in patients operated more than 5 years previously. There was no significant difference over time in the four sub-groups for social life score (P ¼ 0.12) and work score (P ¼ 0.99) ( Figures  4c and d) . The sexual activity score (Figure 4e ) tended to worsen over time (P ¼ 0.054).
Digestive side effects
We focused on digestive side effects of bariatric surgery and their relationship with the QoL obese patients. The total Qol score was not different in vomiting and non-vomiting patients (P ¼ 0.48). Patients who had undergone a VBGM vomit (65.8% of nausea and vomiting) significantly more (P ¼ 0.04) than those who had had an AGB (50% of nausea and vomiting). Also, patients who had nausea and vomiting had a percentage of weight loss (25.9711.5%) significantly lower than those who did not experience digestive side effects (31.1712.5%) (P ¼ 0.002).
Relation between weight loss and QoL
There was a significant positive correlation (Po0.001) between the percentage of weight loss and the QoL score for the 188 patients where the two parameters were available ( Figure 5 ).
Multivariate analysis
In a multivariate analysis, the weight loss was significantly related to weight before surgery (P ¼ 0.02). The type of surgical procedure was significantly related to weight loss (P ¼ 0.0001), independently of preoperative weight: VBGM gave better results (32.7711.6% of weight loss) than AGB (24.8711.6% of weight loss).
Discussion
Although weight loss may be considered as the major end point after bariatric surgery from the medical point of view, it is increasingly recognized that QoL is the critical issue for the obese patients. Weight loss and QoL after bariatric surgery V Folope et al and is easy to complete. The response rate obtained in our study (47.8%) may be suboptimal; however, an answer rate higher than 50% is rarely achieved in most of the phone or mail inquiries. Addressing QoL in extreme obese patients is also difficult due to the common psychological distress of these people. Thus, we cannot ascertain if people who replied were representative of operated patients as a whole. In a retrospective study using a questionnaire, some authors (Nguyen et al., 2001 ) postulated that the patients who replied were those who were satisfied with their QoL; alternatively, unsatisfied patients could be more motivated to express their claims. The question cannot be solved in a retrospective study based on questionnaires filled out and returned by patients. Nevertheless, this method has the advantage of preserving the reliability of the answers, which are not likely to be skewed by the presence of a physician. The population of our study was mainly female (88%), which is usually the case in most of the studies regarding an obese population. Accordingly, the recent study ObEpi 2006 (Basdevant and Charles, 2006) showed that there is in France a higher prevalence of obesity among women (13% in women versus 11.8% in men).
In our study, VBGM was performed in 61% and AGB in 39% of the patients. Patients were not randomized and this number of patients reflects the decision of the surgeons during this period. It also reflects the European preference for the restrictive surgery over the past decade, which contrasts with the American strategy in favor of bypass surgery. We are conscious that gastric restriction procedures, such as VBGM, are now much less used throughout the world than malabsorption surgeries such as bypass gastric procedure. Nevertheless, interventions performed in our Hospital Centre between 1994 and 2003 reflected the practices of this time. So, our study keeps an interest for the QoL and weight loss follow-up of the patients who benefited from such restrictive procedures. Hell et al. (2000) compared QoL (through Moorehead-Ardelt questionnaire), loss of weight and comorbidities improvement with these three types of surgical techniques in a prospective nonrandomized study over 3-8 years in three groups of 30 operated patients from two different institutions as compared with a control group of non-operated obese patients. A significant improvement of QoL and comorbidities was observed in operated obese patients, regardless of the type of surgery, compared to the control group. These authors reported that gastric bypass provided better results than restrictive surgery, in terms of QoL, loss of weight and reduction of comorbidities. However, further comparative and randomized studies including more patients are required to reach a definite conclusion as regard the optimal type of procedure.
In our study, the benefits of bariatric surgery in terms of weight loss were obvious, and VBGM produced better results in terms of percentage of weight loss than AGB. According to the time spent since surgical intervention, there was a regular loss of weight during the first 5 years following Weight loss and QoL after bariatric surgery V Folope et al surgery but a clear tendency to regain weight thereafter, up to the level observed 1 year after surgery. This observation of deteriorated efficiency over time has not been previously reported, to our knowledge. Some authors (O'Brien et al., 2006) studied in a systematic review of 43 literature reports (essentially bypass procedures) the durability of weight loss after bariatric surgery. There was 59% of effective weight loss for laparoscopic adjustable gastric banding at 8 years, and 52% of effective weight loss for Roux-en-Y gastric bypass at 10 years. In another study (Fielding, 2003) , weight evolution of obese patients was assessed at 3 and 5 years after laparoscopic adjustable gastric banding, but the weight was not evaluated at 10 years. However, these studies did not emphasize the weight loss results according to the time spent since surgery.
Multivariate analysis of our data showed that the percentage of weight loss was significantly related to weight before surgery, which has been suggested in other studies. This could illustrate that severely obese people had the worst eating habits and that food restriction imposed by bariatric surgery induced a very significant weight loss in those patients. The percentage of weight loss was also significantly related to the type of procedure, independently of the preoperative weight: VBGM led to a better result in terms of weight loss than AGB. This may also reflect the fact that VBGM is an irreversible technique compelling the patient to adapt to forced food restriction. In contrast, AGB is a flexible process since the band can be tightened or loosen as required; thus, the psychological constraint of this technique is lesser for patients and compatible with less radical changes in their food habits. AGB can also be overcome by compulsive patients using high-energy drinks or liquid meals. On the other hand, the advantage of VBGM could be related to a specific pattern of food behavioral neurohormonal regulation; the plasma levels of ghrelin, an orexigen peptide produced by the stomach, were reported to be lower in obese patients treated with bariatric surgery than in non-operated obese patients (Leonetti et al., 2003) . Surprisingly, patients who had nausea and vomiting after surgery lost less weight than patients who had no digestive troubles: thus, it seems that vomiting was not associated with enhanced food restriction. In contrast, it is possible that patients presenting with vomiting were less compliant to the nutritional program imposed by bariatric surgery and probably ate too much, or too quickly (persisting tachyphagia) or consumed high caloric diets with poor gastric tolerance (high fat or carbohydrate products). But they are only suppositions because the dietary adherence and food intake were not assessed in our study, and not all the patients' sought for post-operative dietary follow-up. The total QoL score was not different in vomiting and nonvomiting patients. Therefore, digestive side effects appeared to have little impact on QoL score.
The observation that the QoL total score, self-esteem score and social life score were significantly better in the patients with VBGM than in those with AGB could be directly explained by the greater weight loss observed with VBGM. Bocchieri et al. (2002) reported unequivocally positive psychological changes in 31 obese patients in relation with weight loss after gastric bypass surgery. Moreover, physical activity and sexual life scores were better in patients with AGB; however, these AGB patients were significantly thinner and younger than those treated with VBGM, and thus more prone to recover some physical and sexual activity after slimming.
By analyzing the QoL data based on the time spent since surgery, we observed that most of the items and the total score improved only gradually over the first 5 years and worsened thereafter. This could be explained by the weight gain after 5 years, since a significant positive correlation was found between the percentage of weight loss and the QoL score. These data are in accordance with previous studies (Kral et al., 1992) showing that obesity severely degrades QoL, and that post-operative weight loss is usually followed by a significant and early QoL improvement, despite the difficulties to adapt to food restriction and early postoperative pain (Hafner et al., 1991) . In another study (Choban et al., 1999) , the QoL was assessed by the MOS-SF 36 questionnaire in 79 obese patients before and after bypass gastric surgery and compared to a standard weight control group. At 1-year follow-up, available in 69% of patients, all QoL scores and depression score were improved, and better than in the control group. A systematic review of 29 articles (Herpetz et al., 2004) concluded that personality traits before bariatric surgery had no predictive value on the post-operative course of weight or mental state. However, depressive and anxiety symptoms, as correlates of psychological stress with regard to obesity, seemed to be predictive of weight loss after surgery. Both psychosocial and behavioral factors contribute to the successful post-operative outcomes (Sarwer et al., 2005) . Another positive impact of surgery may be the improvement in socio-economic level of obese people after weight loss (Hawke et al., 1990, Naslund and Agren, 1991; Herpetz et al., 2003) , but this parameter, as well as depression scores were not recorded in our study. A prospective survey of socio-economical status is currently ongoing in our institution. Finally, bariatric surgery could also improve QoL in obese people by means of the educational programs provided to patients which reinforce self-confidence and self-esteem (Dymek et al., 2002) . Gastric bypass may contribute to the control of previous eating behavioural disorders (Boan et al., 2004) .
A provocative finding of this study was the occurrence of weight increase and QoL worsening in obese patients followed up for more than 5 years; this finding has not been Weight loss and QoL after bariatric surgery V Folope et al documented in previously published studies. Several hypotheses could be considered. This may first reflect the frequent lack of nutritional and psychiatric follow-up after several years in operated patients, which can favor a reduced compliance to dietetic rules and a degradation of psychological status. Long-term surgery-induced changes in neurohormonal status (for example, plasma ghrelin level) have not yet been reported, and some changes to sensitivity to neuropeptides implicated in food behavioral control may occur over time. The occurrence of secondary nutritional deficiencies (Alvarez-Leite, 2004) could also contribute to the loss of QoL, regardless of weight gain, especially since the patients of our study were not routinely supplemented in micronutients in the past years. Anemia and iron deficiencies have been reported, respectively, in 46 and 32% of patients after VBGM (Kalfarentzos et al., 2001) . Iron deficiency has been less reported after AGB, but is the most frequent nutritional deficit induced by bariatric surgery overall. Folic acid deficiency is less frequent and is in direct relation to severe food intake reduction and fast loss of weight (MacLean et al., 1983) . Thiamin deficiency, sometimes already present in obese people before bariatric surgery, has been described in VBGM (Seehra et al., 1996; Houdent et al., 2003) , and in AGB procedures (Quar Bozbora et al., 2000) . It is due to a reduction of gastric acid secretion and food restriction associated with vomiting. All these nutritional deficiencies could have an impact on the QoL of patients, and underscore the need for a long-term multidisciplinary follow-up after bariatric surgery. However, our data on the deterioration of weight and QoL after 5 years of follow-up were obtained in 27 patients answering the questionnaire, and the rate of answer tended to decrease over time, due to address changes among other factors. Thus, it seems necessary to include more patients with a significant long-term follow-up to arrive at final conclusions.
Conclusion
Our study provides additional data on the medium and longterm evolution of QoL and weight in a large population of obese people undergoing bariatric surgery. QoL appears tightly correlated with weight loss and independent of the occurrence of digestive symptoms. The non-randomized comparison of results after VBGM and AGB are clearly in favor of VBGM both for weight loss and QoL improvement, despite the higher initial weight of patients in the VBGM group. One of the innovative aspects of our study is that the results on weight and QoL appear to deteriorate significantly after 5 years post-operatively, although BMI was still significantly lower than the preoperative data. More longterm prospective studies are required to confirm the maintenance of the benefits of surgery according to the type of procedure and to allow a comparison with the currently preferred gastric bypass procedure.
